Unusual clinical course Background:
Background
Cardiac resynchronization therapy (CRT) is associated with an improved quality of life and reduction in hospitalization in patients with advanced heart failure with reduced left ventricular ejection fraction (LVEF) and increased QRS duration [1] . Moreover, it has been shown to induce reverse remodeling of the left ventricle [2] and to reduce long term mortality [3] . There is, however, a wide variability in the extent of LV remodeling and improvement in LV function after CRT. Some patients ("super responders") show an exceptional improvement resulting in a full recovery of LV function [4, 5] . On the other hand, up to 30% of patients do not respond to CRT ("non-responders"). Several definition criteria have been used to define super response in studies [6, 7] , but there is still no universal consensus regarding the definition of a responder to CRT. Ischemic cardiomyopathy has been characterized as a negative predictor of response [4] . Especially extensive scar burden and lead position over transmural scar tissue may lead to an unfavorable clinical outcome and reduce reverse remodeling after CRT [8, 9] .
Case Report
An 85-year-old female was admitted to our hospital with acute heart failure due to recurrent slow ventricular tachycardia ( Figure 1 ). She had a history of ischemic cardiomyopathy with a chronic total occlusion of the left anterior descending artery and an extended anterior wall aneurysm. A CRT-defibrillator (CRT-D) was implanted 4 years ago due to severely reduced LV function (30%), symptomatic heart failure, and left bundle branch block (LBBB). Two years later, atrioventricular node ablation was performed for refractory atrial fibrillation and reduced biventricular-pacing percentage. Furthermore, the patient underwent a percutaneous aortic valve implantation (TAVI) for symptomatic severe aortic valve stenosis 10 months prior to presentation.
Biochemical tests at presentation showed elevated creatinine (177 µmol/L) and markedly elevated NT-pro brain natriuretic peptide (BNP) (24 497 ng/L) values as a result of decompensated heart failure. Moreover, hematological tests showed a known normochromic, normocytic anemia (probably renal anemia, due to chronic renal failure) with a hemoglobin of 8.7 g/dL. Leukocytes and C-reactive protein were only marginally elevated. Serum sodium, potassium, and calcium were normal. Echocardiography at presentation showed a severely reduced LVEF (30%) in the presence of a large anterior wall aneurysm and a normal function of the aortic bio-prosthesis. Chest x-ray revealed a cardiomegaly with bilateral moderate pleural effusions and signs of pulmonary congestion.
Device interrogation at admission revealed recurrent episodes of pleomorphic slow ventricular tachycardia, which was identified as the apparent cause of heart failure decompensation. The patient refused any kind of interventional therapy and was therefore started on amiodarone. However, ventricular tachycardia recurred, and the patient now presented with incessant ventricular tachycardia resulting in several implantable cardioverter defibrillator (ICD) interventions (>30 ATP therapies and 2 ICD shocks). Despite the high risk for periprocedural complications including LV perforation due to the large aneurysm, we again recommended catheter ablation, given the extremely unfavorable short-term prognosis of an electrical storm with multiple shocks and severe heart failure, not responding to antiarrhythmic medication. We discussed thoroughly the risks and benefits with the patient and proceeded to the intervention after written informed consent was given.
Prior to the ablation procedure tachycardia detection was deactivated and the device was programmed to a VVI 40 bpm back-up mode. After single transseptal puncture, electroanatomical mapping of the LV, using CARTO 3 (Biosense Webster, USA) was performed. Bipolar electrograms were recorded on the EP-recording system (Lab System Pro, Boston Scientific). Mapping revealed a huge anteroseptal LV (left ventricular) aneurysm with low voltage and fragmented potentials, extending from the apex to the basis, covering 71% of the LV surface. A relatively small area of healthy myocardium was found at the lateral LV, just where the LV lead was placed ( Figure 2 ). The right ventricle (RV) showed no low-voltage areas as a correlate for scar tissue. Two of 3 morphologies of the clinical pleomorphic slow ventricular tachycardia were induced through programmed ventricular stimulation. Due to hemodynamic intolerance, direct current cardioversion of both was performed after unsuccessful overdrive pacing. Very good pace mapping (93%) of the ventricular tachycardia morphologies was shown in the apical and basolateral segments of the aneurysm. Extensive substrate modification was performed, aiming at ablation of all late potentials and fragmented potentials in these areas. After ablation, ventricular tachycardia was no longer inducible through programmed ventricular stimulation.
At the end of the procedure, the patient's blood pressure dropped. Echocardiography was performed to exclude pericardial effusion. Reprogramming of the device in a biventricular VVI 60 bpm mode resulted in an immediate increase of blood pressure from 65/40 mmHg to 120/80 mmHg. Furthermore, programming to a DDD mode was performed as the patient was now in sinus rhythm, after having received an ICD-shock for accelerated slow ventricular tachycardia before the procedure.
During the course of the hospital stay the patient showed no recurrence of ventricular tachycardia. Four hours after the procedure, device interrogation revealed a marked decrease in invasively measured systolic blood pressure with RV pacing, which again increased from 75/50 mmHg to 90/50 mmHg under biventricular stimulation (Figure 3 ). Programming the device to VVI 60 bpm with RV pacing only did not result in differing hemodynamic effects compared to DDD 60 bpm with RV pacing only. Despite the prominent change in invasive systolic blood pressure, LVEF (biplane Simpson's method) showed no difference between RV pacing and biventricular pacing (30% versus 28%).
The post-interventional course was uncomplicated, and the patient was discharged back home. She was free from any arrhythmia recurrence until her death 2 months after the procedure due to an acute, gangrenous cholecystitis with septic shock. 
Discussion
We report on a patient with ischemic cardiomyopathy and large LV aneurysm who underwent ablation for incessant ventricular tachycardia. We observed a marked acute increase (20%) in systolic blood pressure under biventricular compared to RV pacing. It was surprising how the resynchronization of such a small part of viable myocardium improved acute hemodynamics. We could not find a similar acute or long-term effect on LV function though.
The presented case is, to the best of our knowledge, the first one to show a significant acute increase in blood pressure under CRT in a patient with a very large left ventricular aneurysm, a well characterized negative predictor of therapy response. Moreover, the acute hemodynamic improvement in our patient was not related to a simultaneous increase in LV function, implicating the presence of other underlying pathophysiological mechanisms. Future research addressing these mechanisms could lead to a better understanding of CRT.
Several studies have shown that reverse remodeling due to biventricular stimulation can lead to a mid-term and longterm increase in LVEF and functional status in responders. Knappe et al. [10] showed an acute deterioration in LVEF and dyssynchrony after switching off biventricular function in responders 12 months after CRT implantation. LV function remained better than baseline (pre-implantation) though. This observation implicates a separate acute and chronic effect of resynchronization therapy.
A few studies with very small patient enrollment evaluating acute hemodynamic response under biventricular pacing have been conducted in the past years. Marked increase in systolic blood pressure was only rarely described. Leclerque et al. studied 18 patients with end-stage systolic heart failure and compared RV with biventricular pacing [11] . They found no difference in systolic blood pressure, but a slight significant improvement in cardiac index. Hamdan et al. [12] observed only a marginal increase in mean systolic blood pressure during biventricular pacing (146 mmHg versus 141 mmHg) in 15 male patients with severely reduced systolic LV function, but only 6 of the participants had a LBBB. Gademan et al. studied 32 patients with CRT, reduced LVEF, and prolonged QRS duration before and after switching off biventricular function [13] . They observed a mean increase of 5% in LVEF but no significant increase in systolic blood pressure. Pieragnoli et al. did not find any difference in systolic blood pressure in 37 heart failure patients between switching CRT on and off [14] .
To the best of our knowledge, the only hemodynamic study showing a direct increase in systolic blood pressure under biventricular versus RV pacing in ischemic cardiomyopathy was conducted from Blanc et al., who evaluated 27 patients with severe heart failure including 9 patients with ischemic cardiomyopathy and LBBB [15] . Seven of the 9 patients demonstrated an increase in systolic blood pressure under biventricular pacing with a maximum of 14% in 1 patient (from 91 mmHg to 104 mmHg), whereas the rest of the study patients showed only a marginal increase of 5% to 10%. Data about LV function were not documented.
It is unclear why some patients show a substantial systolic blood pressure increase to biventricular pacing whereas others do not. Randomized trials on CRT did not investigate whether an acute improvement in contractility as measured by systolic blood pressure can predict long-term outcome. A non-randomized study by deVecchi et al. that included 96 patients with systolic heart failure and CRT demonstrated that acute contractile improvement under biventricular versus RV pacing is not associated with 3 years prognosis [16] .
Considering the big scar area in our patient (71% of the LV) and the small viable myocardium where the LV lead was placed, we were surprised about the acute hemodynamic effect of biventricular pacing compared to RV pacing. The patient had been classified as non-responder to CRT because the LV function had not improved since CRT-D implantation. However, given the natural course of patients with congestive heart failure, stabilization of the disease indicates some response, whereas true non-responders continue their downward course. Moreover, in this patient, long-term response to CRT in terms of LV function improvement may have been withheld because of the reduced biventricular-pacing percentage due to recurrent ventricular tachycardia and atrial fibrillation (which lead to AV node ablation 2 years ago), as well as due to the severe aortic stenosis treated with TAVI 10 months ago.
Conclusions
Our case suggests that CRT could lead to a significant hemodynamic improvement even in patients with large left ventricular aneurysms, provided the LV lead is placed in a region of viable myocardium. This treatment option should not be withheld in such patients. Even in the absence of improvement of LV systolic function, slowing down remodeling-related decline of EF is important.
